An epizootic attributable to enterobacteriaceae Citrobacter freundii was observed among sunfish Mola mola in Matsushima Aquarium, Japan. During May to September, 1981, twenty five out of twenty-nine sunfish died in the aquarium. Almost all the infected sunfish showed the same characteristic pathological changes, that is, hemorrhagic exanthema upheaved from skin surface and multiple lipoid granuloma in the kidney. Citrobacter freundii was isolated from the various organs examined. Pure cultures were obtained from kidney granulonia and the spleen, the results indicating that Citrobacter freundii was the most likely pathogen. Bacteriological examination of the sea water circulating in the aquarium showed high levels of various entero bacteriaceae, such as Klebsiella, Enterobacter and Proteus, in addition to Citrobacter freundii. These findings suggested the urine-water-oral transmission route within the aquarium. Several antibiotics were administered but none were effective in treating the infected sunfish. However, after disinfecting the sea water with chlorine sunfish infection with Citrobacter freundii terminated. The unique pathogenecity of Citrobacter freundii to sunfish will be discussed regarding host range in sea water.
Acute and chronic fish epizootics due to bacteria in sea water are infrequent,1) but have been de scribed in reports. Most of the epizootics induced by bacteria in marine environments have been reported to be either Vibrio anguillarum,1.2) Streptococci, [3] [4] [5] or Pasteurella sp.,6) with little mention of enterobacteriaceae. Although it is well known that coliform organisms usually perish within several days in fresh sea water and that sea water itself has bacteriocidal effects on various organisms,7.8 it has also been reported that the sea water off bathing beaches heavily polluted with sewage discharge contained 200,000 or more coliforms per 100ml.9) In addition, it seems likely that recent use of various antibiotics on fish bred along the Japan coast line have markedly changed the bacterial flora of the sea water. This communication will describe the occurrence of sunfish Mola mola death from systemic bacterial infection of enterobacteriaceae Citrobacter freundii probably induced by the bacterial pollution of circulating aquarium sea water.
Materials and Methods
From May to September, 1981, acute to chronic sunfish Mold mold death successively occurred at the Matsushima Aquarium, Miyagi, Japan (Pacific coast). As a result, twenty-five out of twenty-nine sunfish at the aquarium died in these five months (see Fig. 1 ). To determined the cause of sunfish's death, three sunfish (Nos. 006, 119 and 123) were examined both pathologically and bacteriologically.
Pathological Examination
The sunfish died at the aquarium were immediately necropsied and macroscopically ex amined.
A part of specimen taken was fixed in 10% formalin for microscopic examination. The Gram's, Hematoxylin-Eosin, Methylene blue and acid-fast (Ziehl-Neelsen's) techniques were employed in microscopic examination.
The re maining specimens were tested for bacterial isola tion.
Bacteriological Examination
Specimens taken from the sunfish were either examined immediately after necropsy or quick frozen and examined within a day for bacterial infections. The primary isolation was performed on rabbit blood agar, Drigalski BTB lactose kidney, where multiple lipoid tumor-like masses were present ( Fig. 3 ). After microscopic ex amination, this lipoid tumor-like lesion was tentatively diagnosed as chronic granuloma due to infection, and malignancy was ruled out. In Gram's stained specimens, Gram-negative rod bacteria were predominantly present in the tumor like mass of the kidney (Fig. 4 ). On the other hand, the specimens tested were negative in acid fast stain. After the first sunfish's death (No. 006), twenty eight new sunfish were purchased and transported to Matsushima Aquarium.
However, out of these new sunfish, twenty-four died within 1 to 47 days after arriving. The mean survival day was calculated to twenty-three days for the period described above. Nearly all the sunfish which died displayed the same characteristic illness and pathological manifestations in their kidney, spleen, liver, intestine, bile bladder and skin. Besides these isolates, two strains of enterobacteriaceae were also isolated. While Proteus rettgeri was recovered from anal swabs and gills, Citrobacter freundii was the only bacteria common to all the specimens tested Moreover, a pure culture of Citrobacter freundii was obtained from the inoculation of the tumor mass present in the kidney (see Table 1 ). Con sequently, it was most likely that Citrobacter freundii was the major cause of the sunfish's death. The biochemical reactions of Citrobacter freundii isolated from the kidney tumor mass of the sunfish was shown in is still in progress. The bacteriological examination of sunfish indi cated the possible transmission route of Citrobac ter freundii in the closed circulation.
Although it was strongly suggested that the outbreak occurred through the importation of sea water from polluted Matsushima Bay, the finding that Citrobacter freundii was isolated from the kidney, and also from urine indicated the presence of urine-water oral transmission route within the closed circula tion. In this situation, it was impossible to pre vent the occurrence with antibiotics administra tion. Although several different antibiotics, such as fosmycin (FOM) and chloramphenicol (CP), were orally administered, almost all the sunfish which became infected did not improve and finally died. The epidemiological and bacteriological records indicated the effectiveness of chlorine dis infection to prevent Citrobacter freundii infection. After disinfection with chlorine twice, the occur rence of sunfish infection with Citrobacter freundii terminated.
With these considerations in mind, Matsushima Aquarium is now employing chlorine disinfection at regular 2 to 3 month intervals. Also, a series of experimental infections to fish with Citrobacter freundii in vivo is now being con sidered to determine its host range in detail.
Summary
During May to September, 1981, a total of twenty-five sunfish Mola mold died in Matsushima Aquarium.
Bacteriological and pathological ex aminations of the dead sunfish indicated systemic bacterial infections. Citrobacter freundii was isolated as the most likely causative agent from the kidney, liver, spleen, gills and eroded skin. Also, the same enterobacteriaceae Citrobacter freundii was found to be prevalent in the aquarium's circulating sea water. The most effective pre ventive measure was to disinfect with chlorine at regular intervals.
